The analysis of the surface bioluminescence in the World Ocean registration problems for the purposes of its regions ecological express-monitoring and evaluation of the plankton algae spatial distribution at night time by the existing space systems has been proposed. The connection of the plankton community characteristics with a bioluminescent potential (BP) in the euphotic layer and a possibility to evaluate BP according to bioluminescence intensity in the near-surface layer of 0 -10 m has been demonstrated. It has been shown that with complete correspondence with the vertical structure in the plankton community at the dark time bioluminescence intensity in 0 -10 m layer exceeds the same in 60 -70 m layer for one and a half orders and practically determines BP in 0 -100 m layer. Peculiarities of the plankton organisms light emission, important for the oceanic bioluminescence registration with the space means of observation are under discussion. Equation for calculation of the measured by the space device sea luminescence level and volume of the bioluminescence intensity in the surface layer of the World Ocean, which can be registered due to modern technical means of the space systems has been corrected. The conclusion has been done that on the base of the space data about spatial and temporal phytoplankton distribution and bioluminescence "in situ" measurements it is possible to create regional algorithms for transition from numerical estimations of the phytoplankton (chlorophyll "a") to the day time bioluminescent potential and solution of inverse tasks at night time.
Introduction
The tasks of making more effective and operative control of marine environment condition demanded together with traditional modes of monitoring to use methods of operative oceanography, including remote sounding of marine surface [1] - [8] . Remote methods have great advantage if compared with contact measurements methods, as they can be conducted with the help of the space means and aircrafts and contain express-information about the state of the plankton community at the near-surface layer on great water areas. Today they know already numerous successful experiments on usage of the space measurements for express evaluation of the spatial and temporal dynamics in the surface layer water color, wind waves kinetics, distribution of chlorophyll "a", mineral suspension and organic substance solution, pollution sources in different regions etc.
[9]- [16] . Remote methods of operative oceanography play for sure a decisive role in biological and ecological investigations of the World Ocean in the 21st century [1] .
In comparison with obvious successes in the studies of the mentioned above ocean physical and biological characteristics by the methods of the space sounding achievements in the studies by such methods of the near-surface sea waters bioluminescence are quite moderate. But they could increase considerably an effect of using ocean space monitoring, making it more functional and for a time of the twenty-four hours regime. That is why theoretical basing and demonstration of the oceanic bioluminescence space registration real possibilities with the purpose of considerable increase in effective usage of the modern means for operative monitoring of the ocean surface and making its functional load higher are the main objectives of the given work.
Materials and Methods
Bioluminescence-an organism electro-magnetic irradiation in the visible spectrum field-is an important element of the World ocean pelagic communities functioning [17] [18] [19] [20] . The studies of bioluminescence characteristics and elucidation of their connection with the plankton habitants characteristics are being conducted in different countries for about 70 years [19] [21] . For this period, great material has been accumulated, which permitted together with colleagues from different countries to create a base of the World Ocean bioluminescence data [22] [23] .
This database permitted to determine interconnections between bioluminescence intensity and the plankton community indices, gradients of temperature and salinity and to trace spatial-temporal bioluminescence field changeability at the regional and synoptic scale, to reveal physical and biological factors, causing these changeability, to evaluate an influence of the anthropogenic press on the biota functional condition etc. [21] [24] [25] .
Intensity of bioluminescence was measured using the IBSS-made bathyphotometers [8] [19] with multiple vertical (10 -30) Phytoplankton was sampled with a rosette of 10-l water bottles, fixed 1 m higher than the bathyphotometer, from intense bioluminescence layers and standard horizons. The water samples were filtered with 0.45 μm pore diameter filters, after which the numbers of testaceous dinophyte algae were counted.
These dinoflagellates are the most important bioluminescence component of marine phytoplankton [21] . Means of data of bioluminescence intensity and average number of dinoflagellates, for the layer 0 -100 m, were calculated and coefficients of correlation and linear regressions (Y = bX + a) of the dependence "bioluminescence intensity (Y) − number of dinoflagellates (X)" determined.
These materials made a base for a conception we accepted about possibility to register oceanic bioluminescence with the help of the space systems that we give in this article.
Results
Earlier we have shown that bioluminescence intensity in tropic waters was closely connected with values of plankton biomass and fluorescence of chlorophyll "a" [26] (Figure 1 ). To compare the trends of these characteristics we used our own data and published materials of other researchers [13] [18] [22] [26] .
The most obvious under visual comparison of these fields in Atlantic Ocean is the fact that bioluminescence trends similar the trends of the mesozooplankton biomass and chlorophyll "a" fluorescence ( Figure 1 ). This proves prevailing contribution of the given plankton fractions into bioluminescence field formation, which is confirmed by close correlative links of bioluminescence with biomass and abundance of plankton and first of all of dinophyte algae [19] .
Such level of connection is observed everywhere, including such peculiar in thermochaline parameters of water masses regions as Black and Marmara seas, which is seen from materials of the stations fulfilled in 35 and 53 cruises of R/V "Professor Vodyanitsky" and in the cruise of Turkish R/V "Bilim" ( Table 1 ).
The given in the Table 1 magnitudes of correlation coefficients (p < 0.05) and equations of linear regression coincide with the same for the other regions of the World ocean [19] . This important for comparison of the space data on spatial and temporal distribution of phytoplankton and bioluminescence, working out an algorithm for conversion numerical phytoplankton evaluations (chlorophyll "a") to the bioluminescent potential and for solution of inverse task.
Discussion
The efforts in measuring bioluminescence by the remote methods were undertaken many times, including those with laser exciting [27] [28] [29] . The essence of these methods is simple: mounted on the airplane or space carrier lidar emit an impulse of coherent radiation in optic range, which gets into water and while distributing it excites bioluminescence. Bioluminescence light signal through water surface and atmosphere gets to accepting device-photomultiplier (PMP), then on after transformation signal is placed into board computer for storage and further processing. The most complete theoretical grounds for possibility of remote registration of the surface layer bioluminescence is given in the work [30] . The author calculated energetic characteristics of the bioluminescence light field at the planned height over the ocean surface. On the base of the literature data he gave The first remote observation of the spontaneous surface oceanic bioluminescence at 15,400 km 2 square has been fulfilled in Indian Ocean by American meteorology satellite from the height of 800 km in a regime of "postponed time" [33] . Luminescence was observed during three nights and the authors consider that only bacteria are able to create such low -level spontaneous light emission, as they emit light constantly and their luminescence can continue during many days [31] .
It is known that bioluminescence intensity of characteristic for the given re- •ster −1 was made on the base of equation [33] :
where: λ-length of luminescence wave; h-Plank constant;
c-light rate in vacuum;
w-level of photon emitted by cell.
On the base of formulas (1) and (2) •m −2 [33] . But to our opinion one should consider some conditionality of such suppositions, as such low levels of light emission with duration of bioluminescence many times exceeding 1c are characteristic for spontaneous bioluminescence ("glow") of dinoflagellates [31] . Moreover formula (1) for calculation of a share of the registered luminescence of "milk sea" is not quite correct. And besides, even under condition that in the given region surface luminescence is generated exclusively by bacteria, on the base of the given in the works [30] [33] prerequisites and boundary conditions it must look like the following: •ster −1 will considerable differ (to the side of increase) from the given in the work of American colleagues [33] .
Having analyzed the given in the database "The database on the bioluminescence field of the World Ocean" materials and having compared them with the given in the works [23] and [33] threshold sensitivity of the satellite sensors we give in Table 2 
Conclusions
1) The level of the World Ocean surface layer bioluminescence, which can be registered with modern technical possibilities of space systems, has been determined. 2) On the base of the space data on the spatial and temporal phytoplankton distribution and bioluminescence measurements "in situ", it is possible to create regional algorhythms for reversing from quantitative evaluations of phytoplankton (chlorophyll "a") to bioluminescent potential at the day time and solution of inverse tasks at night.
